THE natural division of treatment into diet, sedation, antispasmodics, and antacids still obtains, as it did in the early 1920s, but the relative importance of one to the other has altered in the last few years. DIET
altered in the last few years. DIET
The monotonous diet which was then employed consisted of the giving of milk every two hours in quantities of about three to four ounces, water, glucose, and lightly boiled egg. This depressing regime was maintained until occult blood had disappeared from the stools. It is noteworthy that this frequently did not take place in less than four weeks in spite of the fact that the patient was lying in bed. The more adventurous physicians might add pounded fish, thin bread and butter, custard and fruit juice when the patient had lost his pain. In about a month he was allowed cold boiled bacon as a tribute to fat's depressant action on gastric secretion. Breast of chicken might come in the fifth or sixth week. It may well be that the nauseating effect of such a diet produced ithibition of gastric secretion and thus helped healing. Although there was no doubt that the administration of milk caused rapid relief of pain Ryle noted that it caused a considerably higher acidity than did water.
Later Meulengracht published his observations on the generous administration of food including minced meat, to those who had hematemesis and, although many will not entirely approve of his scheme, there is no doubt that his observations shook the complacency of the physician and from that time onwards a rapid improvement and much greater generosity in diet resulted. So unsatisfactory were the results up to that time that it was regarded as axiomatic that patients who relapsed after six weeks' full medical treatment should be subjected to gastrojejunostomy. Although in many parts of the country we still meet with patients who are treated for long periods with milk and milky foods, the accepted attitude now is that virtually all food may be taken provided that it is chewed thoroughly before being swallowed. Chemical irritants such as mustard, alcohol, spices and vinegar should be avoided, as also should fried foods. There is certainly no clinical evidence that the administration of Ilaeat does harm although there may be theoretical objections to it, neither can there be any reason, once the ulcer has healed, for forbidding wine with food in moderation, but the taking of strong alcohol such as cocktails on an empty stomach is clearly unwise. Alcohol acts centrally by stimulating secretion, and possibly by the release of gastrin.
SEDATION
The possible importance of anxiety as a cause of duodenal ulceration and as a factor in its persistence, though hinted at occasionally from the early part of this century, rose to DECEMBER prominence shortly after the 1914-18 War. The development of the first symptoms a week or two after an episode of extreme anxiety, or again relapse arising at times of mental stress, and the remarkable freedom from trouble during holiday periods all seemed to support the view that the mental state, mediated through the vagi, might indeed be of the utmost importance. The later classical work of Wolf and Wolff (1943) in their observations on Tom with a gastric fistula showed the remarkable changes which could occur in the mucosa of the stomach under the influence of mental perturbation. Treatment by psychiatrists did not give very satisfactory results and the same depressing sequence of ulceration, rest in bed, recovery and then relapse two or three times a year was unaffected by the new approach. The use of phenobarbitone, however, to relieve anxiety became widespread and from 1925 onwards for twenty years it was rare to meet a sufferer from duodenal ulcer who was not taking it. It must be remembered that in the period between the two great wars, anxiety was a potent factor in the hospital patient. There was no full employment and a week or two of sickness might readily lead to the loss of a job, and recurrent sickness almost invariably did so. Extreme poverty stared these people in the face and obviously neither psychotherapy nor phenobarbitone could be an effective barrier between the mind and the stomach. Furthermore, the misery and depression resulting from this grim economic outlook might in fact be increased by phenobarbitone; certainly no form of barbiturate has ever produced the euphoria which one would wish for. It was this consideration which led to the use of cannabis (Douthwaite, 1947) , a drug which in the majority produces a sensation of extremepleasure, remarkably good appetite, and no constipation. It must be admitted, however, that it is capricious. The visions which it produces are not always pleasant and sometimes acute fear is engendered by the drug, especially in women. Used therapeutically it is a drug of very feeble addiction: this aspect has been grossly overstressed by those whose only knowledge of it is in relation to the moronic underworld of the United States. Two factors, however, have rendered the regular use of sedatives no longer necessary. They are the enormous improvement in the economic position of the working classes, and the development of an understanding of parasympatholytic drugs which can protect the stomach from cerebral influence. There is from time to time an indication for the use of sedation in the daytime and of course at night to secure sleep, but it should no longer be routine. The matter, then, of diet and sedation has now sunk to one of minor importance and the treatment of duodenal ulcer has thus been simplified.
ANTISPASMODICS
The parasympatholytic drugs which make up this group had as their starting point the alkaloids of belladonna, notably atropine which had been observed to reduce the output of gastric juice in experimental animals. As far back as 1918 Crohn referred to the transient and poor effects gf atropine on gastric acidity. Belladonna was made popular in the treatment of duodenal ulceration by Bennett (1922) . Ryle (1923) writing on the treatment of duodenal ulceration advised the administration of 5 minims (0 3 ml.) of tincture of belladonna before alternate two-hourly feeds and 1/100 grain (0 65 mg.) of atropine hypodermically every night. He believed that the relaxation of the pylorus produced by atropine encouraged a reflux of bile into the stomach and that it was this which reduced acidity. The conviction that this dosage of belladonna alkaloids appreciably affected gastric secretion held sway unchallenged until 1938 when Davidson and Nicol communicated to a meeting of the Gastroenterological Club, as it then was, the results of their researches which showed that even toxic doses of atropine had no constant or marked influence on gastric acidity. Nicol (1939) reiterated that atropine often failed to influence gastric secretion and that its value lay in antispasmodic effect. Although the original iconoclastic pronouncement was received with frigid incredulity by the gastroenterologists it was not long before full confirmation was available, and one of the great props to the treatment of duodenal ulcer appeared to have been knocked from under our feet. It is true that current dosage was too low, but there is no doubt that even toxic amounts are unreliable. Yet adequate doses of belladonna or its alkaloids will relieve pain in most patients. If this is not due to reduction in the concentration of acid in the gastric juice, to what can it be attributed? From observations on the total gastric juiceoutput, as opposed to its pH, it has been established that these drugs do reduce it appreciably. Thus food or antacids, both of which temporarily reduce the gastric acidity, will have a smaller volume to combat and therefore their efficacy will be improved.
For many years there was a sharp difference of opinion as to the pain-producing factor in duodenal ulceration; one school which favoured muscular contraction and increased totns was led by Bolton (1928) . Christensen (19311) Hurst (9911), Ryle (1926) , and Poulton (1928) , and myself (Douthwaite, 1947) . It must be admitted that pain cannot always be 64d overcome by antispasmodics, and even such powerful drugs as hexamethonium may fail to influence it. It may well be that we have a double factor at work, but I have no doubt that the supporters of the acid theory are right that it is the most important cause of pain and the tendency to relapse. This school originally based on Palmer's work (1926) obtained heavy support from the outstanding clinical work of Bonney and Pickering (1946) . Hyoscyamine became the drug of choice in 1947 for use in conjunction with antacids to encourage a reduction in the rate of emptying of the stomach and thus prolongation of antacid effect. It was particularly valuable given at night with a large dose of alkali. The advent of hexamethonium, and its effect in causing cessation of gastric and intestinal movement, soon led to its use to secure rest of the gastro-intestinal tract. Its many unpleasant side-effects including postural hypotension, and the difficulty in obtaining the desired degree of gastric immobility, as opposed to dangerous ileus, prevented its becoming a drug of regular use, but injected intramuscularly at night it could be shown to have a much longer effect than a full dose of hyoscyamine. If administered half an hour before a full dose of alkali and olive oil, protection against high gastric acidity might be achieved for four or five hours during sleep. Aylett and Douthwaite (1955) described the action of tricyclamol chloride (Lergine) on gastric and duodenal motility and tone. They showed it to be a parasympatholytic of remarkable power on the duodenum and jejunum. In several patients it was noted that under its influence the pain of duodenal ulcer disappeared, yet the level of free acid and its concentration was little if at all affected. Given with an alkaline mixture it potentiated it considerably, due no doubt to the retention of the mixture in the stomach. It gradually ousted hexamethonium in the attempt to control nocturnal secretion. The dose is 100 mg. by mouth in combination with aluminium hydroxide gel (10 ml.) given half an hour afterwards. This will usually maintain the pH of the gastric juice at or above 4 for some three hours and thus provide protection for about half the sleeping period. Symptomatically it is effective and the nocturnal pain which is the curse of so many of the sufferers will disappear. ANTACIDS
That the presence of acid is important in the prevention of healing of a peptic ulcer is accepted by all and has been recognized for many years. Action of pepsin may be disregarded from the therapeutic angle because it depends upon an acid medium and, therefore, control of acidity will obviously abolish it. Supporting evidence that acidity is important in peptic ulceration is provided by the fact that up to the age of puberty the gastric acidity is the same in either sex and so is the prevalence of peptic ulcer. After puberty the acidity is higher in the male and so is the occurrence of peptic ulcer. During pregnancy there is a tendency for a fall of gastric acidity, and peptic ulcer in women tends to heal during this state.
Admittedly this may be due to other factors. However, again it is noticed that recurrence follows soon after delivery when gastric acidity once again returns to the pre-pregnancy level. Peptic ulcer does not occur when there is a condition of achylia as in pernicious anamia. X-ray of the stomach in suitable doses can abolish temporarily the secretion of acid and over that period the ulcers heal, but recur when the acid returns. Finally the patient with duodenal ulcer secretes a large amount of acid. Although the output of acid is partly directed by nervous impulses mediated through the vagus, and partly by a hormonal mechanism due to gastrin, the final mechanism of output must depend upon the response of the oxyntic cells of the stomach. For years it was assumed that the high output of acid both by day and by night in patients with duodenal ulcer was due to a combination of nervous and hormonal impulses and it was only comparatively recently that the possibility of the presence of an increased number of secreting cells was envisaged. The work of Hunt and Kay (1954) is very interesting here. They demonstrated that the patient with duodenal ulcer does in fact possess appreciably more oxyntic cells than the normal healthy individual. They used large doses of histamine to produce a maximal secretory response, which is independent of nervous or hormonal influence. In order to do so it was necessary to suppress the unpleasant side-effects. This was rendered possible by the use of an antihistamine drug, so that a patient can be subjected to such a dose of histamine that full response of the stomach secretion will occur and any increase in that dose will not augment secretion further. By this method it was shown that in persons with duodenal ulcer the increased maximal secretory capacity is in the order of 70 % greater than the normal, a finding which receives histological support by Cox (1952) who showed that in male patients with duodenal ulcer approximately 75 % more parietal cells were present in the gastric mucosa than in normal individuals. Hunt and Kay raised the question of whether this excess of cells was present from birth or whether it is induced by nervous and hormonal factors. The answer to this
is not yet Jctown but it seems probable that a work hyperplasia occurs for when duodenal stenosis arises from duodenal ulcer there is increased work thrown on the stomach and the maximal secretory capacity is augmented.
If we are agreed that effective antacid treatment is of the utmost importance we must consider the optimal level of acid. It is known that when it is reduced to pH 4 pepsin loses about 80% of its power. We should aim at this figure of 4 therefore. Whether a considerable degree of alkalinity is harmful or not it is difficult to say, although presumably alkalinity greater than that of plasma should be avoided. Probably it is perfectly satisfactory if we work to pH limits of 3-5 to 7.
The traditional methods of administering antacids such as carbonates, triphosphates, trisilicates, or aluminium hydroxide have the outstanding weakness of the intermittent character of the administration. It is impracticable for them to be given more than six times a day. Often they are given three times a day after meals. In 1939, in conjunction with E. B. French, I showed (Douthwaite, 1939) that large doses of antacids depressed gastric acidity for a matter of quarter to half an hour. It is obvious that this must be so because the stomach often ejects its contents with speed, and it is not at all unusual for a meal to be evacuated from the stomach in half an hour. It was this fact which led to the increasing use of alkaline milk drip. In patients lying in bed there is no particular difficulty in arranging for it and the tube can be tolerated well for a matter of a few days. Perhaps its main value was that it could maintain some degree of neutralization of the stomach acid throughout the night. However, this was no answer to the problem of home treatment or indeed to that of the prevention of recurrence. It was with this in mind that I searched for some tablet which could be held in the mouth and allowed to dissolve slowly, and yet which would deliver sufficient antacid to maintain the gastric acidity at an optimal level. It was as it were an attempt to find a substitute for alkaline milk drip which could be used by the patient without difficulty. The upshot of it was the development of tablets, now known as Nulacin, which contain as a basis the solids of whole milk and as antacids magnesium trisilicate (0-25 gram), magnesium oxide (0.12 gram), calcium carbonate (0-12 gram), and magnesium caribonate (0-03 gram). Douthwaite and Batty Shaw (1952) carried out a large number of, experiments with these tablets held in the mouth during test meal observations over several hours. The analyses were carried out by my colleague Dr. J. N. Hunt, who reported that the neutralizing power was largely due to the magnesium oxide component.
By good fortune the tablet was made for us with just the right consistency. It did not dissolve too rapidly and it was found that two or at the outside three tablets an hour would exert satisfactory control, sometimes in fact producing a pH as high as 9, but usually a figure of 5 to 7. This encouraging result led to further tests on patients taking ordinary meals, whereas in the first series they were having a relatively non-stimulating meal such as gruel. Douthwaite and Thome (1954) reported that the antacid effect of Nulacin tablets on 12 patients taking a mixed diet was satisfactory, giving a pH in the region of 3 to 4 and on no occasion one of higher than (i as compared with the readings recorded on the gruel meals. Control experiments with dummy tablets showed no effect. Control tests eliminated saliva as an important influence.
This new method of the administration of antacids has revolutionized the treatment of duodenal ulcer and has further simplified the matter, for milk drip is no longer part of our therapeutic stock in trade. In some individuals the magnesium produces diarrhoea, although the tablet was designed in the hope of avoiding constipation or diarrhoea. In individuals with faulty renal function and especially those who take an excessive amount of tablets-15 or 16 a day should be the maximum-symptoms of alkalosis have been reported but only rarely.
A search for a buffering agent which could not produce excessive alkalinity of the gastric contents led to the formation of a tablet containing aluminium glycinate (Douthwaite, 1954) . The aluminium hydroxide is combined with the amino acid glycine and will give rise to immediate and prolonged buffering. Glycine buffers at a low pH up to 2: a concentration of pH 1 to 2 is common in duodenal ulceration and pH higher than this is controlled by the aluminium hydroxide component. Tablets now known as Prodexin consist of 0 9 gram of aluminium glycinate and 0 1 gram of magnesium carbonate. Fractional test meals again showed& control of gastric acidity. Whereas with Nulacin the total and free acid fall together, with aluminium glycinate the free acid falls to zero while the total acid may climb. Thus the acid-is held inert until it passes into the intestines. There is of course no danger of alkalosis. Tested on patients taking ordinary food Prodexin raises the pH of the gastric contents to 4 (Clark and Hunt, 1958) , and danger of alkalosis does not exist. Further work has shown that four tablets sucked an hour reduces the acidity of the gastric contents to a pH of 4 and in many this is achieved by the sucking of three tablets an hour.
We have thus two highly effective preparations which can be used according to taste or indeed in order to vary the taste for the patient who may weary of one flavour from week to week. The Prodexin tablet tends to be slightly constipating. The effect on the bowels of one or other tablet would be an indicator of the best for the individual.
It is so easy to heal an ulcer by almost any means that we should not assess our therapeutic efforts on this phase but rather on our prevention of relapses.
Relapse.-In the five years since beginning the use of antacid slowly-dissolving tablets encouraging results-have been forthcoming. Of 38 patients with proved chronic duodenal ulcer who had never less than two relapses a year prior to the beginning of Nulacin or Prodexin treatment, at the end of five years 21 have been completely free from relapse, 5 have had from one relapse in two years to one relapse a year, the others have relapsed as frequently as before, or have come to surgery. In all those failures except for 2 who developed duodenal stenosis, the patients admitted to having discontinued the sucking of tablets and of all other precautions within three months of having lost their symptoms. These figures although not giving rise to complacency are very much better than the somewhat smaller list based on the earlier traditional treatment, when of 27 patients with the same relapse rate not a single one escaped further relapse during a five-year period. Ion exchange resin.-Although in theory this would be a most excellent method of dealing with gastric acidity, in point of fact if the tablets are swallowed they are fairly rapidly ejected from the stomach and the same objection therefore applies as to the intermittent administration of alkali. Furthermore if taken in powdered form the taste is most unpleasant.
Suppression of gastric HCl at source.-It will be agreed that if a drug could be found which could directly inhibit the oxyntic cells then the ideal antacid would have been discovered and the treatment of duodenal ulcer solved. Janowitz (1958) reported on the remarkable effect of intravenous acetazolamide (Diamox) causing a profound fall in the rate of secretion of hydrochloric acid ranging between 70 and 97 % and persisting for three to six hours. This action is due to the inhibition of gastric carbonic anhydrase which is necessary to the secretion of gastric acid. His work points the way to further research, although the use of acetazolamide intravenously is not a practical proposition. The study of the inhibition of gastric secretion by mersalyl (Douthwaite and Booth, 1956) arising from work by Bond and Hunt (1956) showed that mersalyl (0-1 gram in 250 ml. of 12% glucose) introduced into the stomach would arrest the secretion of acid for some two and a half hours, probably as the result of a combination of mercury with the sulphyryl groups of a compound which participates in the acid secreting mechanism. Further work, however, by Booth (1958) showed that although this was a promising development, the drug could not be used with safety because inorganic mercury is liberated when mersalyl is given in this way. In experimental animals mercurial poisoning could be thus produced. I believe that our future success lies in finding a safe substance which inhibits the normal mechanism of secretion by direct action on the gastric mucosa and I point to this as an obvious line of research.
Twenty-four-hour control.-Control of daytime secretion is now within our grasp and offers no practical difficulties. At night the sucking of tablets is excluded and we are forced to the use of powerful parasympatholytic drugs to delay the gastric emptying and a large dose of some suitable antacid in the hope that at least two or three hours of the nocturnal secretion will be controlled. A further advance has recently been made in this connexion by the employment of (l-methyl-2-pyrrolidyl) methyl benzilate methyl-methosulphate (Nacton). This drug has parasympatholytic properties somewhat similar to those of atropine. It is worthy of special mention, however, because it is peculiar in its action, there being a lag of several hours before it exerts any activity and indeed it may be several days before the full effect can be determined. Furthermore it has been found (Douthwaite and ) that its action extends over at least six hours after a single dose and it reduces the total output of gastric HC1 by about 60 %. Given in quantity necessary to achieve this the side-effects produced by larger doses can be avoided. In this way it differs strikingly from atropine. Furthermore the alkaline non-parietal secretions of the gastric mucosa which have a protective action are not reduced by Nacton. The reduction of acid volume by the drug makes it much easier to obtain more prolonged influence from alkali administration as a single night-dose or as slowly dissolving tablets in the daytime. It should be given at six-hourly intervals, the total initial daily dose being not more than 10 mg. and then increased at four-day intervals from 2 mg. six-hourly to 3, 4 and 5 mg. six-hourly, and so on until some side-effects are observed. The dose should then be reduced one step, as it were, and this will still give satisfactory control.
SUMMARY
The treatment of patients with duodenal ulcer now consists of bed-rest for two weeks. During this time a generous diet devoid of obvious irritants, Nacton six-hourly and Prodexin or Nulacin one tablet an hour are given. When the patient is ambulant the same ,dietetic and medicinal scheme should be maintained indefinitely to prevent relapse, except during restful holidays when the drugs may be discontinued. With acid control established, wine, smoking after meals and late nights are permissible.
